INTRODUCTION

61
Styrene is a monoaromatic compound that naturally occurs as a component of 62 tar, volatile and oily substances from plants and food, but can also be produced by 63 microorganisms. Styrene is of high relevance in industry and produced in million 64 tonne scale causing substantial anthropogenic release. This is problematic as it is 65 hazardous for living organisms (1-3). Due to the disposability, it is corollary that 66 organisms evolved strategies to detoxify and/or use styrene as a source of energy 67 and carbon (3-5). 68 Styrene can be channelled through different unspecific degradation pathways due 69 to relaxed substrate specificity of the respective enzymes (see supplemental material 70 and 3 for details). However, only one styrene specific degradation pathway is known 71 and seems to be favoured by microorganisms under aerobic conditions (3, 5, 6 ). This acid (PAA) (7). PAA is a central catabolite and metabolized in the so-called lower 77 degradation pathway, which is present in about 16% of all genome-sequenced 78 microorganisms (8, 9). That route has been described for several proteobacteria 79 (Pseudomonas, Xanthobacter, Sphingopyxis) , actinobacteria (Rhodococcus, 80 Corynebacterium) and fungi (Exophiala) (reviewed by 3). 81 Rhodococcus sp. ST-10 has an incomplete degradation cluster lacking the SOI, 82 5 while still being able to use styrene as sole source of carbon and energy (10-13). 83 This gene cluster comprises the SMO and a putative (partial) open reading frame 84 (ORF), designated as "ORF3". It was hypothesized that the SOI can be bypassed by 85 chemical conversion of styrene oxide to phenylacetaldehyde or enzymatically 14). However, chemical conversion is unlikely and no probable enzymes were 87 identified (3), thus the degradation pathway for strain ST-10 remains unclear. 88 The genus Gordonia is known to be a versatile degrader of aromatic compounds 89 (15, 16) and Gordonia rubripertincta CWB2 in particular is able to metabolize styrene 90 and related compounds. As previously described, strain CWB2 was obtained from a 91 soil sample and separated via styrene-enrichment culture (17) (18) (19) . Moreover, it was 92 shown that it is able to produce ibuprofen from 4-isobutyl-α-methylstyrene in a co-93 metabolic process (17, 18) . Oelschlägel et al. 2015 reported that other styrene 94 degraders are not capable to catalyze this reaction and therefore proposed 95 substantial differences in the respective enzymatic cascades. Interestingly, Gordonia 96 rubripertincta CWB2 has a cluster that is homolog to the partial one of strain In this study, we identified the complete gene cluster, which enables styrene 98 degradation in strain CWB2. Therefore, we studied the transcriptome and the 99 proteome under styrene exposure. Further, we measured the activity of key enzymes 100 to clarify the root of the metabolic potential of Gordonia rubripertincta CWB2. 101 Moreover, this gene cluster seems to be alien as it is located on a plasmid and Table 2 cluster. In addition, several cytochrome P450 monooxygenases can be found on the 211 CWB2 genome, which might also be able to perform the epoxidation of styrene.
212
Transcriptome and proteome analysis of the styrene degrader CWB2. The Table S4 . as well as proteome level (increased on average 6.6-fold) ( Table 2 and Dataset S1). exchange chromatography and hydrophobic interaction chromatography (Table S5 ).
316
The SMO (GCWB2_24100; ASR05591) was recombinantly expressed and purified.
317
The specific epoxidation activity is about 0.4 U mg -1 and thus higher than for most 318 other characterized SMOs (48-50). However, epoxidation of styrene is usually the 319 rate-limiting step due to the relative low activity of the SMOs (51).
320
The SMO is part of cluster S1, which is highly similar to the partial styrene this process will be phenylacetic acid or phenylacetyl-CoA, which will be degraded 368 via several enzymes from cluster S4 to yield acetyl-CoA and succinyl-CoA (Fig. 3b) . 369 We suppose that the 2-phenylethanol and phenylacetaldehyde, that can be detected 370 during growth, results from side-product formation of this novel pathway due to 371 instability of the glutathione adducts or enzymatic removal of glutathione in an earlier 372 step (Fig. 3a) .
373
It should be mentioned that it is unusual for actinobacteria to produce glutathione, 374 as mycothiol is the dominant thiol in these organisms (64-66 analysis and Scanning electron microscopy (SEM) was done as described earlier 424 (18) (Fig. S1 and S3 ). The in silico DNA-DNA-hybridization was performed by the 425 Genome-to-Genome Distance Calculator 2.1 (DSMZ) (Fig. S7) . G. rubripertincta sequences for both replicons were annotated using PROKKA (76), see Table S3 for by prediction on the TMHMM server (77). Island viewer 4 (78) was applied to detect 464 genomic islands and foreign genes on the genome of strain CWB2 (Fig. S4 ).
465
RNA extraction and transcriptome sequencing. A pre-culture of G. de-stained, alkylated and digested with trypsin as previously described (81, 82).
510
Peptides were extracted from the gel pieces with acetonitrile, loaded onto STAGE 511 tips for storage, and eluted from the tips shortly before MS analysis (83).
512
By using an EASY-nLC 1000 (Thermo Scientific) LC system, peptides were Mass spectra were recorded with Xcalibur software 3. Cloning, expression and purification of recombinant styAs, styD and aldh1.
534
The styA (GCWB2_24100, GCWB2_21620), styD (GCWB2_23925) and aldh1
535
(GCWB2_24010) genes were purchased from Eurofins MWG (Ebersberg) in a pEX- Table 3 . 544 Expression of StyA's took place in a 3-l biofermenter. E. coli BL21 strains with the 545 respective plasmids were cultivated in LB media (100 µg ml -1 ampicillin and 50 µg ml - 
585
Fractions of 1 ml were tested on enzyme activity.
586
For VC12DO gel filtration was done after hydrophobic interaction 587 chromatography. Therefore, the fraction containing VC12DO activity were pooled and Tris-HCl (pH 7.5), 1 mM NAD + and 50 µl protein containing sample, respectively.
615
Recombinant PAD activity was assayed according to (61).
616
GST wild-type activity was assayed in soluble crude extract by following the (S)- centrifugation at 50 000 x g at 4°C for 1 h and separation from the insoluble matter.
627
The reaction mix (600 µl) contained 20 mM PP (pH 8), 4 mM (S)-styrene oxide, 5 mM 628
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